DFT calculation details
The conformational search for reasonable structures of the water … 2′-deoxyuridinyl radical and hydroxyl radical … uridine complexes have been limited to the geometries justified by the type of the considered reaction. Although many conformations between 2′-deoxy uridine and water exist (for instance, for the water … uracil dimer four low energy minima resulted from the conformational search limited to the geometries stabilized by the maximal number of hydrogen bonds were reported 3 ) only these structures which are present in the considered reaction entrance channel are important. Therefore, we considered only such geometries where the water molecule or hydroxyl radical was placed in a close vicinity to the molecular center (C5 or C6) with which they react. Due to this approach, we were able to consider only a limited number of geometries and still obtain sound results. For each transition state, we confirmed that it is connected to the corresponding substrate and product geometries by carrying out the IRC calculations. 
Kinetic Isotope Effect discussion
Another argument supporting our conclusions comes from the kinetic isotope effect (KIE) observed in formation of the hydrate from the reaction of 5-U-yl• and water. As indicated by Figure S1 , the reaction of 5-U-yl• with heavy water is greatly suppressed. The KIE 5 calculated for the elementary reaction leading to the hydroxyl radical amounts to 8x10 1 at 150 K, which corresponds to the increase of the barrier in D 2 O by 1.31 kcal/mol and fully accounts for the observed effect. We also have calculated the kinetics of water addition to the 5-U-yl• based on the calculated free energy of activation of 12.1 kcal/mol and found a rate of 8x10 4 s -1 . Early experimental pulse radiolysis work on electron reactions with 5-bromouracil suggested the 5-U-yl radical underwent first order hydrolysis reaction with water with a 15 to 20 sec lifetime. 6 This corresponds to about a rate constant of ca. 5x10 4 which is in excellent agreement with the calculated value.
Optimized structures of substrates and transition states leading to "hydrate" radicals.
In Figure S2 , the geometries and activation free energies for the formation of 5-UHOH• and 6-UHOH• are shown. The hydroxyl radical may attack the C5 and C6 uracil centers approaching them from the both sides of the uracil plane. Therefore, four transition states were considered (see Figure S2 ). Note that in accordance with the pulse radiolysis experimental observation that OH-radical attack is predominantly (ca. 80%) at C5 of uracil (see ref. 16), the activation barriers are found to be smaller for the OH radical attack on the C5 site from either side of the uracil ring than the corresponding OH-radical attack on the C6
site. Comparing barrier difference for the formation of the respective C5 vs. C6 adducts from different sides of the uracil base plane amounts to differences of 0.56 and 2.35 kcal/mol (see S-form-H28-equatorial conformer R-form -H28-axial conformer TE = -911.307540737 A.U.
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---------C6-OH---Adduct R-form -H28-equatorial conformer Starting geometry was H28 axial. Thus only the equatorial form is stable when internal H-bonding is prevented by constraining 30-29-11-10 dihedral.
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- S-form -H18-equatorial conformer TE = -911.314604751 A.U. Further DFT calculations were performed for the less probable OH addition to C6 which again has R and S isomers with possible axial and equatorial forms for the C6-OH adduct radical. The results show the axial OH conformation is found to be most stable placing the C6H proton in the equatorial position for three of the four cases (if internal hydrogen bonding is prevented). This results in a doublet spectrum only from ca. -23 G owing to the C5 alpha proton and a small C5 beta proton in three of the four cases. In one case, two proton couplings near 20 G are predicted which is not in keeping with experiment. A similar result is found (two protons near 20 G) when internal hydrogen bonding is allowed which again could not explain the experimental result. Thus, only the C5-OH-radical adduct is predicted to form the quartet spectrum found by experiment. Some C6-OH-radical adduct would form as well as some C5-OH-radical adduct would also be produced with OH in the axial position and each of these radicals is expected to yield mainly a doublet spectrum that would be superimposed on the quartet. The experimentally obtained ESR spectrum does suggest about 30% doublet and 70% quartet.
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Effects of the rotation of the OH group in the P2 radical (OH axial):
This section shows that the rotation of the OH group in the P2 type radical does not influence our conclusions. We have calculated the rotational profile for the 5S species.
Three minima were identified; see Figure R1 below. Figure R1 . P2 rotamers; rot1 is the most stable one.
The rotamer rot1 (see Figure R1 ) shown in the paper (see P2 in Figure 2 ) is the most stable one and the two other, rot 2 and rot 3, are less stable with respect to rot 1 by 0.04 and 0.43 kcal/mol (in electronic energy scale; see Table R1 ). Thus, as expected, such small energy differences only marginally influence the averaged reaction energies.
Similarly, as indicated by the couplings gathered in Table R1 (see below), the ESR spectral parameters could only slightly be affected by the presence of the less stable rotamers. 
